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Outline

• History of metabolic reconstruction
• Uses of metabolic reconstructions
• Regulation as a constraint-based process
• Measuring TRN components on a g/s
• TRN reconstruction
• Integrated analysis of regulation and 

metabolism
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#1 Pathways operate as elements 
of a network

We can now describe metabolism at a 
genome level
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Genome-scale 
constraint-based 
modeling:  

a rapidly growing 
field

Price, et al Nat Rev Microbiol. Nov 2004UCSD Extension
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Top-down view of regulation

#2: Regulation of expression: shrinking 
solution space

– Need TRN reconstructed -- now
#3: Regulation of activity: location within 
a shrunken solution space

– Sampling -- future
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Extreme Pathways and Regulatory Constraints
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entire solution 

space of a 
metabolic 

network, bounded 
by extreme 

pathways P1-P4…

P1 is not 
permitted due to 
regulatory 
constraints

One or more of 
these pathways 

may not be
feasible,

depending on the 
environment and 
corresponding 
regulatory 
effects…
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This leads to a
reduced 

solution space
bounded by 

fewer extreme 
pathways

Covert et al., 
Journal of 
Theoretical 
Biology 2002
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Transcription: RNAP & TFs

• RNA polymerase 
• Transcription factors (TFs) 

bind to specific binding sites in 
the promoter region of a gene

• After binding to DNA, TFs 
either enhance or disrupt RNA 
polymerase binding to DNA

RNAP binding

Expression

TF bindingTF binding

Binding motif
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Drill-down Studies on E. coli
Transcriptional Sub-networks
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#4:  can get the necessary data for 
g/s reconstruction of TRN
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MC1010 – Hierarchy of regulator

global regulators

major regulators

minor regulators

target genes
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Integrating metabolism and TRN

• Computed Metabolic &   
Regulatory State in 15,580

distinct minimal growth 
media

Glucose 
media

Non-glucose 
media

The electron 
acceptor 
distinguishes 
clusters

Barrett et al., PNAS, 102, 19103-8 (2005)
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R-Matrix Formalism

• quasi-stoichiometric formalism 
• a structured and self-contained 

representation of Transcriptional 
Regulatory Network (TRN)

• can be quantitatively interrogated relying 
on the principles of the constraint-based 
modeling approach 
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E. coli Regulatory Network

Where is this going (short-term)?
Reconstruction:

• 640 regulated 
genes

• 95 metabolites, 
101 transcription 
factors,
26 reaction 
fluxes,
14 specific 
environmental 
factors

• 3 levels of 
transcription
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#5:  mathematical formalisms are 
developing that integrate 

metabolic and TRN at the g/s
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Global Regulatory Response



University of California, San Diego
Department of Bioengineering

Systems Biology Research Group
http://systemsbiology.ucsd.edu

Current: 
Unstable strains
(batch processing,

cell line banks)

Future:
Self-optimizing strain
(continuous processing?)

production
rate

Proximal
(now)

Distal (evolutionary)

Causation in Biology:
new approaches to strain design
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#6:  we can re-sequence to study 
the genetic basis for TRN 

adaptation at the g/s
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Conclusions/issues
• Metabolic reconstruction methods established

• Conceptual framework fro TRNs function at g/s in place

• Technology now available for direct measurement of 
TRN events on g/s

• 180 putative TF in E. coli -- expensive

• In silico methods to assemble, analyze the data are 
developing

• Integration with metabolism possible

• The genetic basis for adaptation can now be monitored


